SUMMARY One hundred forty-four patients with coronary heart disease previously resuscitated from out-of-hospital ventricular fibrillation underwent 24-hour ambulatory ECG monitoring 5 months (median) after cardiac arrest. Patients were then followed for an average of 31.7 months. Fifty-one patients died, 32 from subsequent unexpected cardiac arrest.
APPROXIMATELY ONE-THIRD of patients resuscitated from the sudden cardiac death syndrome can be expected to develop a second episode of cardiac arrest within 2 years.' Earlier reports have shown that certain clinical histories2 and cardiac catheterization findings3 can distinguish groups of patients at relatively high risk of having a recurrent episode of ventricular fibrillation (VF). Prognosis can also be determined using noninvasive tests that detect myocardial ischemia, infarction and left ventricular dysfunction. ' We examined the forms and frequency of ventricular ectopy during a single ambulatory recording in previously resuscitated victims and have correlated arrhythmias with clinical histories and subsequent outcome. The purpose of this study was to determine whether particular forms of ectopy increase the risk of subsequent cardiac arrest.
Methods
One hundred forty-four patients previously resuscitated by the Seattle Fire Department's emergency care system participated in this study. Only patients who had suspected coronary heart disease were included. This diagnosis was based on the presence of at least one of the following: history consistent with typical angina pectoris or prior myocardial infarction, Q waves on the ECG, findings from coronary arteriography, or evidence of acute myocardial necrosis associated with the episode of cardiac arrest. Patients with other cardiac diagnoses were excluded.
The episodes of VF occurred between 1972 and 1976. All patients were followed through April 1978; all had follow-up for at least 2 years. Patients volunteered to be followed in a research clinic for VF survivors. About 70% of patients who survived out-of-hospital VF (patients discharged from any of the city's hospitals) volunteered to be evaluated in this clinic. Clinic personnel abstracted the cardiovascular history before VF and determined the circumstances of the cardiac arrest. Physicians interviewed and examined the patients and reviewed the medical record, which included the resuscitation report. The patients had been initially managed in any of the 14 coronary care units in the city, and laboratory measurements were not uniformly available; only 110 of the 144 patients had serum lactate dehydrogenase (LDH) isoenzyme determinations during hospitalization. Coronary angiography was done for clinical indications as determined by the patient's personal physicians. The patient's physician gave permission for the clinic evaluation and ambulatory monitoring.
Twenty-four hours of ambulatory ECG were recorded, usually on the day after the first research clinic visit. The recordings were made using a single-channel Avionics recorder. Patients were asked to perform their usual daily activities and to keep diaries during the recording period. The average interval from the episode of VF to the ambulatory recording was 1 1.1 ± 12.3 months (± SD). However, most patients were monitored within the first few months of the episode; the median interval was 5 months.
The magnetic tapes were analyzed manually by a skilled technician using an Avionics Electrocardioscanner. Arrhythmias were verified by direct paper writeout and reviewed. Patients with fewer than 9 hours of technically suitable recording were excluded. Findings were validated by replicate analysis of approximately every fifteenth tape.
Each 30-minute interval of the ambulatory ECG was separately analyzed and the following findings were recorded: the forms of ventricular ectopy during the interval (i.e., uniform, multiform and repetitive) and the estimated peak rate for each form (0, 1-6, 7-30, 31 or more per half hour). Bigeminy/trigeminy, repetitive 212 AMBULATORY ARRHYTHMIAS AFTER VF/Weaver et al.
forms, and frequent (more than 30 per interval) multiform beats were considered to be complex ventricular ectopy. The number of 30-minute intervals that showed each form were then summed for each patient and used to calculate the proportion of intervals with arrhythmias. There was an average of 40.2 interpretable intervals (20 hours) per tape for the 144 patients studied.
The patients were followed at least 2 years (average ± SD 31.7 ± 16.2 months) after the initial recording. The clinical and ambulatory ECG characteristics of 92 patients who survived were compared to those of 32 patients who developed subsequent cardiac arrest (24 who died from unexpected cardiovascular collapse and eight who were resuscitated from a second episode of VF). Nineteen additional deaths were considered to be nonsudden (usually in-hospital events due to heart failure, myocardial infarction or shock). 
Results

Patients
We studied 117 men and 27 women. Their average age at the initial resuscitation was 61.1 ± 10.3 years.
One hundred nine patients (76%) had a history of cardiovascular disease before VF. Sixty-two (43%) had typical exertional chest pain; 50 (35%) had hypertension; 53 (38%) had a history consistent with remote myocardial infarction, which had occurred an average of 4.9 years (range 1 week to 20 years) before the episode of VF. Eighteen patients (12%) had VF within 1 year of the prior infarction. Twenty-six patients had congestive heart failure before the episode of cardiac arrest. These prevalences of prior cardiovascular abnormalities are similar to earlier reports in patients resuscitated from out-of-hospital VF. 2 8 Thirty-three patients (23%) had developed ECG evidence consistent with acute transmural myocardial infarction (Q waves) during hospitalization after resuscitation. Forty-four of 110 patients (40%) in whom LDH isoenzymes were measured had evidence of myocardial necrosis. The 51 subsequent fatal events included 32 episodes (63%) of unexpected cardiac arrest and 19 nonsudden deaths.
Arrhythmias
A normal recording was unusual in these patients. Ninety percent had one or more ventricular ectopic beats, and 62 patients (43%) showed uniform ventricular ectopy in more than half the total number of recording intervals. Other forms of ventricular ectopy were also common: 110 patients (76%) showed multiform ventricular ectopy, 70 (49%) had bigeminy or trigeminy, and 76 (53%) had couplets or triplets (two or three consecutive ectopic beats). Thirteen patients (9%) developed nonsustained ventricular tachycardia (four or more consecutive beats) ( fig. 1 fig. 2 ). Multiforms and bigeminy/trigeminy occurred at high peak rates or in more than half the total number of intervals in about a third of patients. Multiforms at rates of 30 or more per interval were a better predictor than mere presence or absence (specificity 72% vs 28% and sensitivity 62% vs 87%); however, the density of other ectopic forms did not enhance prediction. Ventricular couplets and tachycardia occurred infrequently during the 24-hour recording, usually in fewer than eight intervals.
The sensitivity of complex ventricular ectopy in predicting cardiac arrest was high (84%), but specificity was disappointing (40%) (table 2). A somewhat more useful predictor of cardiac arrest was complex ectopy, present in 20% or more of the total number of recording intervals. Patients with this amount of rhythm disorder more often died suddenly during follow-up. This was true whether we considered total outcome (table 2) ed to arrhythmias detected more than a year after VF. We conditioned outcome at 2 years to eliminate bias because of differences in potential follow-up. Histories of heart failure or remote infarction were related to the occurrence of complex ectopy and to subsequent outcome. Furthermore, as the number of intervals with complex ectopy increased, so did the likelihood of subsequent cardiac arrest, both in patients with and without these clinical histories (figs. 4 and 5).
Drug Therapy and Arrhythmias
Probably as a result of nonrandom assignment, different clinical history profiles were present in the treatment groups. Patients who were taking procainamide, quinidine or combinations of antiarrhythmic drugs more often had clinical histories that would place them at risk for subsequent cardiac arrest than did patients who were taking propranolol or no antiarrhythmic treatment. The incidence of complex ventricular ectopy was similar in all five treatment groups. There were significantly more fatal events in the procainamide and combination drug groups than in those receiving no antiarrhythmic drug. This difference in mortality probably reflects the greater prevalence of clinical risk factors for recurrent VF in the drug groups. Mortality was lowest in the group that received propranolol ( amining for its effect, we found no differences in the frequency of complex ectopy occurring in each treatment group. This may not be surprising, as there is little convincing evidence that routine chronic administration of widely available membrane-active drugs either eliminates complex ectopy in previously resuscitated patients or enhances survival. Some have reported that antiarrhythmic drugs may prevent the recurrence of cardiac arrest in these victims, with21 and without22' 23 altering the occurrence of complex ectopy during ambulatory monitoring. The value of reports such as these and ours however, is limited because in the former, patient entry was selective, and in all, drug therapy was not randomized.24 The procainamidetreated patients in this report actually fared worse than those who received no drugs, but this may be due to the greater prevalence of clinical risk histories in the procainamide treatment group.
Complex ectopy in resuscitated patients is frequent compared to the incidence of recurrent VF. Our findings suggest that further characterization of ambulatory arrhythmias is unlikely to enhance the ability to predict the sudden death syndrome. Efforts should be aimed at clarification of the electrophysiologic environment in which complex forms and VF are generated. 25-29
